Stepwise movement of preproteins in the process of translocation across the cytoplasmic membrane of Escherichia coli.
Derivatives of proOmpA possessing the second cysteine residue at position +302 and the first one at different positions were constructed at the DNA level. They were oxidized to form disulfide-bridged loops of different sizes at different positions. In the presence of a protonmotive force, proOmpAs possessing a smaller loop could be translocated across the membrane in vitro, whereas ones possessing loops comprising more than 16 amino acid residues were hard to translocate. The sizes of polypeptide chains that had been translocated and had become protease-resistant were determined in both the presence and absence of the protonmotive force. The size was the same for all proOmpAs possessing the first cysteine residue between +244 (proOmpA L59) and +274 (proOmpA L29). When the first cysteine residue was moved further away from the N terminus, a sudden increase in size, of approximately 30 amino acid residues, was observed, the size being the same for proOmpAs possessing the first cysteine residue between +278 (proOmpA L25) and +293 (proOmpA L10). The shift in size between proOmpA L29 and proOmpA L25 was observed with different proteases exhibiting different substrate specificities. Treatment with these proteases resulted in complete digestion of SecA on everted membrane vesicles, whereas Sec proteins integrated into membranes were considerably resistant to the treatment. These results can be best interpreted as that the translocation of preproteins through the secretory machinery takes place in every 30 amino acid residues and that SecA is responsible for the stepwise movement.